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ABS TRA CT
This paper presents the experimental research into the evalu
ation of lubricity for polyolester (POE)
lubricant with HFC-134a refrigerant in rotary and reciprocat
ing compressors for household refrigerators.
In order to evaluate the lubricity for POE lubricant with HFC
-134a refrigerant, we conducted 4-balls wear
tests in the mixing environment of POE lubricant and HFC
-134a refrigerant. In the present study, the
effects of the weight fraction of the refrigerant on the
lubricity for POE lubricant with HFC-134a
refrig erant were clarified. In addition, wear confi
gurat ion chan ges from adhesive wear to
corrosive(chemical) wear, as the fraction of refrigerant incre
ases, which is caused by metal fluoride and
carboxylic acid salt generated by decomposition of HFC-134a
refrigerant and POE lubricant. Also, for the
factor by which corrosive (chemical) wear occurred in the
high weight fraction of HFC -l34a refrigerant, it
was found that the metal fluoride was more dominant than
the carboxylic acid salt.

1. INTR ODU CTIO N
Because of the ozone layer depletion issue, alternative
refrigerants HFCs have been used as the
refrigerants for household refrigerators. It is known that
HFC s refrigerants with no chlorine have poor
lubricity in compared with CFCs and HCFCs refrigerant 1
). In order to maintain the oil's compatibil
ity
with HFC s refrigerant, the refrigeration oils have been
also changed from mineral oils to synthetic
lubricants such as Polyolester(POE) lubricant. Therefore,
the improvement of wear resistance is required
for the POE lubricant with HFCs refrigerant.
As for the lubricity of POE lubricant with HFCs refrigerant
, the results is reported that the wear
amount increases as the weight fraction of the refrigerant
2
increases ) and that the wear amount increases
and the worn surface roughness becomes very smooth if
the load is increased3). However, the effects of
the fraction of the refrigerant on the lubricity for POE lubric
ant with HFC-134a refrigerant and its wear
mechanism have not been well studied.
In this present study, the effects· of the fraction of the refrig
erant on the lubricity of POE lubricant,
such as wear amount, worn surface roughness and friction
coefficient, were clarified by conducting the 4balls wear test under the pressurized mixing environment
of POE lubricant and HFC-134a refrigerant.
Subsequently, by conducting the analysis of the deposit
around the worn surface after wear tests, the
mechanism of the atmosphere effect ofHF C-13 4a refrigerant
on POE lubricant was also discussed.
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2. FRICT ION TEST MACI DNE AND PROC EDUR E
section consists of
Fig.! shows the schematic of 4-balls wear test machine. The 4-balls wear test
balls which are fixed, and
piled four ball of a size. In the lubricant oil, one ball is loaded against three
rotates. The three contact points make circular wear scars.
2
(@lOOt:), without an
Kinematic viscosity of POE lubricant is 31.2m m /s ( @40"C) and 5.13mm2/s
l of tested ball is high
extreme pressure agent. HFC-134a refrigerant is used in this wear tests. The materia
were rinsed in acetone by
carbon chromium bearing steel, and the size of each ball is 112 inch. The balls
Table.! shows the test
the ultrasonic-washer for 10 minutes and mounted in the test machine after dried.
(maximum) of fixed balls
condition. In order to evaluate wear amount, we measured wear scar diameter
after wear tests.

3. EXPE RIME NTAL RESU LTS
y for POE lubricant,
Fig.2 shows the effects of the weight fraction of the refrigerant on the lubricit
Oil temperature is 40"C.
such as wear amoun t, worn surface roughn ess, and friction coefficient.
ant increases gradually.
Decreasing and increasing of the wear amount occur, as the fraction of the refriger
is minimized. It also
That is to say, there is the optimum fraction of the refrigerant that the wear amount
the refrigerant. Then as the
shows that wear amount is almost constant at 50 to 96.5wt% of the fraction of
coefficient decrease,
fraction of the refrigerant increases gradually, the worn surface roughness and friction
the wear scar. As seen in
thus approaching to a constant value. Fig.3 shows the photomicrograph of
extremely, which shows
Fig.3(a), the wear scar in case of 1wt% of the fraction of the refrigerant is rough
scar in 40, 96.5wt% is
that adhesive wear occurs. On the other hand, as seen in Fig.3(b) (c), the wear
al) wear occurs.
very smooth and the wear amount is large, and we can estimate that corrosive (chemic
lubricant, such as
Fig.4 shows the effects of the fraction of the refrigerant on the lubricity for POE
is 80'C. Decreasing and
wear amount, worn surface roughness, and friction coefficient. Oil temperature
es gradually, which shows
increasing of the wear amount occur, as the fraction of the refrigerant increas
fraction of the refrigerant
same tendency as the results of 40°C. Also friction coefficient decreases as the
roughness occur as the
increases gradually. In addition, decreasing and increasing of the worn surface
roughness in case of
fraction of the refrigerant increases gradually to 32wt%. Therefore the worn surface
in 32wt%. Fig.5
one
with
40wt% of the fraction of the refrigerant decreases remarkably in comparison
in case of 1wt% of the
shows the photomicrograph of the wear scar. As seen in Fig.5(a), the wear scar
On the other hand,
occurs.
fraction of the refrigerant is rough extremely, which shows that adhesive wear
t is large, and we can
as seen in Fig.5(b ), the wear scar in 40wt% is very smooth and the wear amoun
estimate that corrosive (chemical) wear occurs.
wear configuration
From the above results, decreasing and increasing of the wear amount occur and
refrigerant increases. We
changes from adhesive wear to corrosive(chemical) wear, as the fraction of the
e corrosive (chemical) wear
can consider that they are caused by refrigerant solved in POE lubricant becaus
acid. salt generated by
occurs at the higher fraction of the refrigerant. Furthermore, calboxylic
al) wear3).
decomposition of POE lubricant due to the friction, is a factor of corrosive (chemic
hexanoic acid which
Then, we conducted 4-balls wear tests by increasing the concentration of 2-Ethyl
408

is the raw material of POE lubricant. Fig.6 shows the effects of the concentration
of the acid on lubricity
for POE lubricant, such as wear amount, worn surface roughness, and friction
coefficient. Fig.7 shows
the photomicrograph of wear scar. If the acid is solved in POE lubricant, wear amount
increases, and worn
surface roughness and friction coefficient decreases. Consequently, corrosive
(chemical) wear occurs, if
the concentration of the acid increases. From these results, it was found that
HFC-134a refrigerant and
acid solved in POE lubricant affect the lubricity of POE lubricant with HFC-134a
refrigerant.

4. ANALYSIS
After wear tests, we extracted the deposit around the wear scar, and analyzed
from view points of
organic I inorganic chemistry. Fig.8 shows the results of FTIR analysis for the
deposit in 40wt% of the
weight fraction of the refrigerant. The carboxylic acid salt is detected obviously,
due to absorption in 1610
~ 1550cm-1 and 1450~ 1400cm- 1 wave number. Similarly, the carboxy
lic acid salt is detected obviously at
1 to 40wt% of the fraction of the refrigerant. As POE lubricant is synthesized
from acid and alcohol, it is
considered that detected carboxylic acid salt is generated by decomposition of
POE lubricant due to the
friction.
Fig.9 shows the results ofXMA analysis (wave length dispersive method) for
the deposit in case of
1, 20, 40wt% of the fraction of the refrigerant. It follows that fluorine increases
remarkably as the fraction
of the refrigerant increases. It is considered that detected fluorine is generated
by decomposition of the
refrigerant due to the friction 4). In addition, we obtained the results formerly that
fluorine was combined
with metal (iron) by analyzing the worn surface. Therefore, it was clarified that
the generated amount of
metal fluoride increases as the fraction of the refrigerant increases gradually.

5. DISCU SSION
Decreasing and increasing of the wear amount occur and wear configuration change
s from adhesive
wear to corrosive(chemical) wear, as the weight fraction of the refrigerant
increases. Their wear
characteristics are caused by metal fluoride and calboxylic acid salt generated by
decomposition of HFC134a refrigerant and POE lubricant due to the friction.
Furthermore, as the fraction of the refrigerant increases gradually, the wear amount
increases and the
worn surface roughness decrease obviously. So, it is considered that the conditi
on of the lubrication
becomes mild. And in the mixture liquid (POE lubricant and HFC-134a refriger
ant), the fraction of POE
lubricant decreases, as the fraction of the refrigerant increases. Therefore, it
is considered the generated
amount of the carboxylic acid salt caused by decomposition of POE lubricant doesn't
increase remarkably,
as the fraction of the refrigerant increases. On the other hand, it is cleared that the
generated amount of the
metal fluoride increases, as the fraction of the refrigerant increases, conside
ring the above mentioned
results at XMA analysis. Consequently, for the factor by which corrosive (chemic
al) wear occurred in the
high weight fraction ofHFC -134a refrigerant, it was found that the metal fluoride
was more dominant than
the carboxylic acid salt.
At the decreasing region of wear amount (adhesive wear occurs), as the weight
fraction of the
refrigerant increases, the wear amount and the worn surface roughness decreas
es because metal fluoride
and carboxylic acid salt generated on the worn surface have an extreme pressur
e effect on the lubricity of
409

and carboxylic acid
POE lubricant with HFC-134a refrigerant. But as generated amount of metal fluoride
salt isn't enough, it follows that adhesive wear occurs.
, as the weight
On the other hand, at the increasing region of the wear amount (chemical wear occurs)
worn surface
the
on
e
fraction of the refrigerant increases, the generated amount of the metal fluorid
ed metal fluoride is
increases. As the results, corrosive (chemical) wear occurs easily because generat
coefficient and
friction
weaker than the material of balls (iron). Therefore, wear amount increases, and
worn surface roughness decrease.

6. CONC LUSIO N
wear tests under
We evaluated the lubricity for POE lubricant with HFC-134a refrigerant by 4-balls
rant. In addition, by
the pressurized mixing environment of POE lubricant with HFC-134a refrige
here effect of HFC~ 134a
analyzing the deposit around the worn surface, the mechanism of the atmosp
obtained.
refrigerant on POE lubricant was also discussed. The following conclusion were
of HFC-134a refrigerant
1) Decreasing and increasing of the wear amount occur, as the weight fraction
the wear amount is
increases gradually, and there is the weight fraction of HFC-134a refrigerant that
minimized.
wear amount, corrosive
2) Adhesive wear occurs on the worn surface at the decreasing region of
(chemical) wear occurs at the increasing region of wear amount.
occurs mainly caused
3) At the high weight fraction of HFC-134a refrigerant, corrosive(chemical) wear
by the metal fluoride.
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